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Diffusion localisée de la connaissance et adoption des TIC : une étude empirique 
Résumé 
Nous utilisons les données d’une enquête ad hoc sur les entreprises de Haute-Savoie pour 
montrer que l’adoption des technologies de l’information et de la communication (TIC) n’est pas 
seulement influencée par les facteurs traditionnels de la diffusion technologique (effets de rang, 
de stock-ordre, de mimétisme et de complémentarité organisationnelle) mais aussi par des effets 
de diffusion localisée des connaissances. Ces données permettent d’étudier plusieurs points 
importants. Tout d’abord, nous analysons l’adoption de plusieurs véritables TIC alors que la 
littérature empirique a surtout utilisé comme variables dépendantes des mesures du stock de 
capital informatique ou de l’utilisation des outils d’automatisation de la production ou de la 
conception. Deuxièmement, nous construisons plusieurs variables capturant les effets de 
proximité et nous les substituons dans les équations d’adoption au traditionnel effet épidémique. 
Ceci nous permet de préciser le type d’effet de proximité à l’œuvre dans l’adoption des TIC : 
proximité géographique-technologique ou proximité épistémique ; externalité de connaissance ou 
diffusion des savoirs via des transactions marchandes. Notre méthodologie économétrique est 
conçue pour traiter certains des biais habituellement rencontrés dans les équations d’adoption 
technologique et les tests de supermodularité des fonctions de production. En particulier, nous 
prenons en compte la possibilité d’une adoption jointe des différentes TIC, en utilisant des 
systèmes d’équations Probit bivariées. 
 
Mots-clé :  Externalités de connaissance localisées. Proximité. Diffusion des technologies. 
Adoption des TIC. Complémentarité des pratiques organisationnelles. 
 
 




We use a specially designed survey on French firms located in Haute-Savoie to provide empirical 
evidence suggesting that IT adoption is not only influenced by the traditional factors of 
technology diffusion (rank, stock-order, epidemic effects and complementary organizational 
practices) but also by local diffusion of knowledge effects. The data collected permit us to make 
several advances. Firstly, we study the adoption of several authentic Information and 
Communication Technologies while the recent empirical literature has mainly focused on 
computer capital stocks or automation tools. Secondly, we construct measures to replace the 
traditional epidemic effect by different proximity variables. Thirdly, we assess the real impact of 
proximity on the IT adoption process by examining different channels of knowledge transmission 
among nearby firms, from knowledge spillovers to well-regulated arrangements. Our 
econometric methodology is designed to deal with potential biases that are encountered when 
implementing technology adoption equations and testing practice complementarities. In 
particular, we explicitly deal with the problem of simultaneous technological choices, using 
bivariate adoption equations. 
 
Keywords: Localized knowledge spillovers. Proximity.Technology diffusion. IT adoption. 
Complementary organizational practices 
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 Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
1. Introduction 
There is a clear consensus on the traditional determinants of IT adoption and their potential 
impact on technological diffusion. On the one hand, the literature on technological diffusion 
gives strong evidence of rank, order-stock and epidemic effects (Karshenas and Stoneman, 
1995, Geroski, 2000). On the other hand, the supermodularity theory (Milgrom, Roberts, 
1990) provides a robust explanation of the adoption variation of new technologies through the 
tight complementarity between IT and organizational or strategic practices (system effect). 
Merging these two theoretical approaches, some empirical studies try to test a full set of 
potential determinants of the IT adoption process (Karshenas and Stoneman, 1993).   
More recently, the introduction of the concept of localized knowledge spillovers have shaken 
up this consensus showing that the core of the technological diffusion process is very complex 
(Breschi, Lessoni, 2001) and cannot be limited to simple epidemic effects. The literature on 
the geography of innovation emphasizes the influence of proximity on technological diffusion 
and gives new arguments to specify the definition of this central notion. Proximity is not only 
a geographical notion but also a relational one. As a consequence, it is important to examine 
the different channels of knowledge transmission among nearby firms. Knowledge flows can 
be mediated by a large variety of economic (market and non market) mechanisms going from 
externalities to “organized” arrangements. 
The objective of this paper is to include new determinants in the IT adoption equation so as to 
test the influence of proximity on technological diffusion.  More precisely, we want to test the 
following three points: 1) Is the adoption of a specific IT fostered by the geographical 
proximity of firms which have already adopted the same IT? 2) If this is the case, is it due to 
knowledge spillovers rather than market-channelled learning? 3) Do firms simply learn from 
being (geographically) close to other firms, or do they need a deeper kind of proximity such 
as the epistemic one? The main issue under discussion is to replace the usual epidemic effect 
by different proximity variables in line with these three questions. 
With a specially designed survey on French firms located in Haute-Savoie, we provide 
empirical evidence suggesting that IT adoption is not only the result of technological 
knowledge spillovers but also the consequence of a process in which firms seek to internalize 
technological knowledge flows via different mechanisms with deliberate appropriation 
purposes.  
Our econometric methodology is designed to deal with several potential problems that are 
encountered when implementing technology adoption equations and testing practice 
complementarities. First, we explicitly deal with the problem of simultaneous technological 
choices, using bivariate adoption equations. Secondly we address the problem of multi-
collinearity between complementary practices either by constructing uncorrelated clusters of 
practices or by including interaction terms. Thirdly, since our data are cross-sectional, we can 
handle the heterogeneity problem by a careful study of its potential sources. 
The paper is organized as follows: in section II we describe the theoretical bases for our 
empirical analysis of IT adoption. Section 3 surveys the most important empirical results of 
traditional models and recent models introducing some proximity effects. Section 4 is devoted 
to the presentation of our data and empirical model. In section 5 the empirical results are 
discussed. Section 6 concludes the paper. Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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2.  Localized knowledge diffusion and IT adoption: 
theoretical discussion 
The literature analyzing the determinants of technology adoption underlines two types of 
factors
1. The first ones are diffusion factors that directly affect the costs and benefits of 
adopting a new technology. Three diffusion factors are generally distinguished: rank, stock-
order and epidemic factors (Karshenas and Stoneman, 1993). The second series of factors are 
organizational practices that are complementary to the new technology and thus generate 
some indirect supplementary benefits from the adoption of new technologies (Milgrom and 
Roberts, 1990). Since the decision of whether to adopt a new technology is influenced by the 
available knowledge about its benefits, we suggest to add a third category of determinants of 
technology adoption: localized knowledge diffusion factors. In this section, we shortly recall 
the theoretical foundations of the two first series of factors and then discuss the localized 
knowledge diffusion factors. 
2.1. The traditional approach to technological adoption 
Technology diffusion is influenced by rank, stock-order and epidemic effects (Karshenas and 
Stoneman, 1995, Geroski, 2000). Rank effects result from the fact that firms’ characteristics 
generate differences in technology adoption returns. Adoption decisions are determined by an 
arbitration by firms between the expected benefits of adopting the new technology and the 
expected costs of changing the ongoing technology. Expected benefits and costs are then 
considered to be due to individual characteristics such as firms’ size, pricing and servicing 
policies of its suppliers, corporate status, nature of the competitive environment and learning 
and switching costs
2. Stock-order effects, deal with the ambiguous effects of competition in 
the diffusion process. They have been analyzed in theoretical terms by Reinganun (1981), 
Fudenberg and Tirole (1985) and Quirmbach (1986). When threats of entry and competition 
with other potential adopters prompt firms to adopt new technologies so as to pre-empt the 
potential returns, we are in the presence of a positive order effect inducing firms to be first 
movers. Moreover, too much competition can also limit the extent of additional profit from 
adopting a new technology (negative stock effect). But being a first mover is not always the 
best strategy when the future benefits of new technology adoption are highly uncertain. As a 
consequence, when firms prefer to be second movers, the signs of the stock-order effects will 
tend to be inverted.  
Epidemic effects relate to the origin, nature and diffusion process of the information about the 
technology. Epidemic models generally consider that the adoption of a new technology 
requires both the existence of a common source of information about the technology and a 
“word of mouth information diffusion process” in which specific information about the 
efficient use of the new technology is spread by previous users (Geroski, 2000). In the same 
way, information cascade models show that it can sometimes be optimal to adopt a 
technology simply because other firms have already adopted it, without regard to one’s own 
information about the efficiency of this technology (Arthur, 1989).  
In their Supermodularity theory, Milgrom and Roberts (1990, 1995) connect the diffusion of 
information technologies to the rise of new organizational designs characterized by 
decentralized decision-making, high incentives for quality improvement, and tight 
                                                 
1 Surveys of this literature can be found e.g. in Karshenas and Stoneman (1995) and Hollenstein (2004). 
2 These learning and switching costs are mainly determined by the firm’s employee qualifications and experience 
as well as by the age and specialization of its capital equipment. 
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relationships with customers and suppliers. This implies that IT diffusion is stimulated by the 
adoption of these complementary organizational practices. 
Formally, the Supermodularity theory is based on a reformulation of the firms’ objective 
functions integrating organizational and strategic practices alongside the usual labor and 
capital factors. When the enlarged production function is supermodular, an increase in a factor 
positively influencing the adoption of a practice yj will lead to the adoption of all the other 
available complementary practices, even if this factor has no direct influence on them. As a 
consequence, supermodularity will engender a clustering of practices. Therefore, it is possible 
to adopt an empirical strategy based on revealed preference and the assumption of optimizing 
behavior: if firms choose their technologies and practices optimally and if some 
complementarities exist between them, we should find that IT adoption probabilities are 
positively influenced by the presence of complementary organizational tools and strategic 
behaviors.  
Athey and Stern (1998) suggest that this kind of test could be undermined in several ways. 
First, a bias could come from the fact that optimal technological choices are often 
simultaneous choices. That is why we gathered, in our survey, information about several types 
of IT that are potentially dependent on firms’ optimal choices. This permitted us to estimate 
bivariate Probit models and to evaluate the conditional correlations between these information 
and communication tools. Second, if observable sources of heterogeneity are not included in 
the regressions, there could be omitted variable bias. A special form of this bias (highly 
probable in the case of technologies adoption) could be due to an omitted technology or 
practice. As a consequence, if one wants to deal with this endogeneity bias, it is necessary to 
introduce variables related to technological, organizational and strategic choices. Third, a full 
account of heterogeneity would require a data set that has not only a time dimension but also 
a complete collection of exogenous factors possibly affecting adoption. When this time 
dimension is absent, the only valuable strategy is to find some theoretical arguments that 
allow the sources of heterogeneity to be described in an exhaustive fashion. We argue that the 
theories of technological diffusion just described above do not yet provide a comprehensive 
description of the factors influencing IT adoption. They do not appreciate the central role of 
geographical proximity and agglomeration in the process of knowledge diffusion itself. We 
only observe the potential impact of (generic) externalities (i.e epidemic effects) that flow 
between “adjacent” firms. We need to assess whether knowledge spillovers exist and are 
bounded in space. In this way, how can we interpret the different channels by which firms 
acquire knowledge about IT when they adopt IT? The recent literature on the geography of 
innovation gives us new arguments to enrich IT adoption models.  
2.2. Localized knowledge diffusion and its potential effects on IT 
adoption  
Before making an investment in Information Technology, potential adopters need to acquire 
knowledge about the available technologies in order to select the most profitable ones. As a 
consequence, knowledge diffusion mechanisms are certainly playing an important role in the 
process of IT adoption. Since the study of localized knowledge flows is central in the 
economics of innovation, it can be very fruitful to use the advances made by this literature 
even though we are not dealing here with the determinants of innovation but rather with the 
determinants of the adoption of some (IT-related) innovations. 
According to the literature dealing with the geography of innovation, firms can acquire 
knowledge at a lower cost when they are located in the neighbourhood of other firms or 
institutions detaining some transferable knowledge. Nevertheless, there is no real consensus Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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about the mechanisms by which this proximity favours knowledge diffusion. A feasible way 
to assess this proximity effect is to identify the different kinds of “externalities of proximity” 
(Torre, Rallet, 2005). This is the way taken by the two theoretical traditions dealing with the 
concept of localized knowledge spillovers (LKS)
3. In this view, increasing returns within 
circumscribed regional spaces could come from two kinds of externalities (Griliches, 1992). 
The first one refers to technological knowledge: firms which are in close technological 
proximity and located in the same area may benefit from (free) knowledge spillovers because 
information concerning new applications or other innovative practices may spread between 
them (Griliches, 1992, Jaffe, 1989). The second kind of externalities is rent technological 
externalities (or pecuniary externalities). Firms benefit from factors fostering spatial 
agglomeration such as the availability of skilled labour, good amenities, and supporting 
institutions. In these conditions, knowledge is purchased at lower prices with significant 
consumer surplus (Antonelli, 2000). 
Breschi and Lissoni (2001) underline the difficulty to distinguish these two concepts of 
externalities and their impact on the knowledge diffusion process, especially in empirical 
studies. There are two main reasons that can explain this. Firstly, in standard methodologies
4, 
we do not find a satisfying operational answer to decide whether firms’ location choice is due 
to natural resource endowments or knowledge externalities: the knowledge flows can be 
mediated by market mechanisms which influence local firms’ opportunities indirectly, via 
pecuniary rather than technological externalities (Geroski, 1995). Secondly, urban or regional 
studies focusing more directly on agglomeration effects face the same difficulty to delineate 
Marshallian externalities from more specific urbanization externalities. An alternative strategy 
to improve our understanding of technological knowledge diffusion could be to observe more 
directly the attributes of knowledge and the channels through which it travels between 
adopters and potential adopters (Geroski, 1995). This strategy would be particularly 
appropriate if we consider that knowledge spillovers and other advantages from spatial 
agglomeration may be reinforced by some strategic and organizational practices (Antonelli, 
2000, Rallet, Torre, 2005).  Involuntary knowledge spillovers can appear more as well 
regulated knowledge flows with deliberate appropriation purposes.   
Different research papers have recently explained the role of geographical distance by the 
importance of “tacit” knowledge in the innovation process. They conclude that, in the case of 
highly contextual and uncertain know-how, the costs of transferring knowledge rise with 
distance because it is best transmitted via face-to-face and repeated interaction (Feldman and 
Audrestch, 1999). In that sense, the geographical proximity is seen as a constraint of co-
location (Howells, 2002) and ‘the existence of direct externalities of geographical proximity 
seems to be considered as a fact of nature’ (Torre, Rallet, 2005, p. 52). By opposition, other 
theoretical frameworks mark a break assessing that tacitness is not an intrinsic property of 
knowledge but a property of the information exchanged within organizations or communities, 
                                                 
3 The first one is the “production function approach” which includes a geographical dimension to the 
determinants of innovation (Feldman, 1999). The knowledge production function relates innovative inputs 
(R&D) to innovation outputs such as patents or innovation counts. A distinction is operated between inputs 
coming from outside the observation unit, but within the geographical area, and those inputs originated not just 
outside the observation unit, but also far from it. Significant differences between the estimated parameters of the 
two kinds of R&D are interpreted as evidence of the existence and the localisation of R&D spillovers. The other 
tradition tries to quantify more directly the existence and the importance of localized knowledge spillovers 
focussing on agglomeration economies.  These economies are defined through two kinds of effects: localization 
economies which result from the spatial concentration of industrial activities and urbanization economies issued 
from an urbanization concentration (Loesh, 1954, Malmberg et al., 2000).  These scale effects are measured by 
population size and density. 
4 Studies that are based on the logic of the production function (see. Feldman, 1999)  Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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as well as the result of a system of incentives. Breschi and Lessoni (2001) argue that technical 
knowledge can be codified by developing an appropriate vocabulary, and conveyed trough 
explicit messages among organizations or communities members. This facilitates interaction 
between its members because they share the same routines (logic of belonging) and the same 
system of representation or set of beliefs (logic of similarity) (Rallet, Torre, 2005). This leads 
to the formation of epistemic communities where members communicate by developing their 
own vocabulary through common experiences (Steinmuller, 2000). Other studies show that 
non-geographically clustered firms may achieve greater economies from the adoption of just-
in-time methods and outsourcing and are then more able to allocate these resources to support 
innovation even if they are far from other producers (Suarez-Villa, Walrod, 1997). In that 
way, proximity is not only a “pure” geographical notion but also a relational one. For 
example, in “organized communities”, there is no reason to think that local actors can 
understand organization members’ messages. Reciprocity obligations may force members to 
refuse contact outside their inner circles. In this view, the process of learning-by-interacting
5 
(Lundvall, 1988) does not rely on geographic distance but rather on the firm’s ability to create 
some shared commonalities: the same language; some “codes” and conventions that have 
been fostered by a common institutional environment and personal relationships based on past 
history of successful collaboration or informal interaction.  
Another important finding is that knowledge flows can be mediated by market mechanism, 
such as the labour market or the market for technologies. For example, some studies show 
that labour mobility does not generate pure knowledge spillovers: very skilled workers (i.e. 
superstars) tend to sell their knowledge to firms via sharing agreements. Therefore, 
technological knowledge remains mainly a private good. (Zucker, Darby, Brewer, 1998, 
Zucher, Darby, Amstrong, 1998). Other studies based on knowledge production function 
models or on the patent citation approach conclude that knowledge flows from local academic 
institutions or public research institutes are not pure spillovers: they are mediated through 
training, consultancy and dedicated services which are bought on some markets (Mansfield, 
1995).  
Finally, to understand the influence of localized knowledge flows on the diffusion of IT, we 
need empirical approaches that would disentangle the different channels of knowledge 
transmission among nearby firms. Our data allow us to make a contribution in this direction, 
testing the three following points: 1) Is the adoption of a specific IT fostered by the 
geographical proximity of firms which have already adopted the same IT? 2) If this is the 
case, is it due to knowledge spillovers rather than market-channelled learning? 3) Do firms 
simply learn from being (geographically) close to other firms, or do they need a deeper kind 
of proximity such as the epistemic one which as been discussed above? The main issue under 
discussion is to replace the usual epidemic effect by different proximity variables in line with 
these three questions. 
3. Related empirical literature 
In this section, we make a selection of recent empirical studies dealing with the traditional 
determinants of IT adoption. We then focus on empirical studies that try to enrich the 
adoption equation with localized knowledge effects. 
                                                 
5 The learning-by-interacting model (Lundvall, 1988, Gertler, 1995) argues that the production of tacit 
knowledge occurs simultaneously with the act of transmission between different kinds of agents which interact 
(producers, users, customers). (See. Asheim, Gretler, 2005) Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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3.1. Adoption equations without LKD effects 
Let us first describe empirical tests of the diffusion and the complementarity theories. Testing 
the rank effect, Hannan and Mc Dowel (1984, 1987) found a positive correlation between 
market concentration and the probability of using automatic teller machines. Similarly, 
Karshenas and Stoneman (1993) found a significant positive impact of firm size on the 
probability of adopting computer-numerically-controlled (CNC) machines in the UK 
engineering industry. But they did not find a significant effect of market concentration. A 
negative impact of both concentration and market share is found by Levin et al. (1987) in the 
case of optical scanners in US retail grocery stores. Corporate status of the firm does not clear 
up the ambiguity. In the Karshenas and Stoneman empirical study (1993), this variable does 
not play a significant role whereas Hannan and Mc Dowel (1984) have found contrasting 
evidence.  
Second, another series of determinants of IT adoption concerns stock, order and epidemic 
effects. The proxy initially used by Kashernas and Stoneman (1993) to capture stock effects is 
the number of adopters of the technology in time t-1 inside the manufacturing sector of the 
firm. They measured the order effect by computing
6 the expected change in the number of 
adopters of the technology. Since they used a duration model, epidemic effects could be 
measured by the time-dependence of their baseline hazard function. Karshenas and Stoneman 
did not obtain the expected (negative) stock effects because epidemic effects outweighed 
them. Neither did they obtain the expected positive impact of order effects. Only the epidemic 
effect was of the expected (positive) sign. Significant epidemic effects, measured by the 
number of current adopters, are also found by Bartoloni and Baussola (2001) for Italian 
manufacturing industries. Similarly, using a panel data set composed of 438 Italian 
metalworking plants observed from 1970 to 1996, Battisti et al. (2004) show that first-
adopters of CAD
7 benefit from higher profits than later adopters (order effect) while spillover 
from the increasing number of users lead to technology diffusion across plants (epidemic 
effect). By opposition, they obtain no evidence of epidemic effects on the adoption of JOD
8.  
Stoneman and Kwon (1994) enlarge the Karshenas and Stoneman (1993) results showing that 
the decision to adopt or not can depend on complementarities between technologies. They 
show that the characteristics of a technology (price, firm’s expectations) and epidemic effects 
(number of adopters) can have a large impact on the diffusion path of another technology. 
More recently, Canepa and Stoneman  (2004) propose an international comparison of the 
diffusion patterns of new manufacturing technologies and show that, in most countries, 
epidemic and rank effects are the two main effects driving adoption. Likewise, using an 
ordered probit model to estimate the ICT adoption behavior of Swiss firms, 
Hollenstein (2004) finds a significant influence of rank and epidemic effects.  
Let us now turn to the empirical studies focused on Milgrom and Roberts’ complementarity 
hypothesis.  
In an early enquiry, Arora and Gambardella (1990) used data on 81 large US, European and 
Japanese chemical and pharmaceutical producers. This provided useful preliminary evidence 
of possible complementarities between firms’ external linkage strategies, but the conditioning 
variables were only size and country dummies plus a proxy for internal knowledge, which did 
not allow them to deal satisfactorily with the heterogeneity problem. 
                                                 
6 From a simple time-series prediction model. 
7 Computer Aided Design  
8 JOD: Joint Design teams with customers and suppliers. Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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In order to analyze the productivity effect of complementarities among HRM
9 practices, 
Ichniowski, Shaw and Prennushi (1997) estimate productivity equations for a panel of 36 US 
steel production lines offering a total of 2190 monthly productivity observations. They first 
show that HRM practices tend to form clusters that are statistically significant. Their results 
are particularly robust since fixed-effects models allow them to account for unobserved 
heterogeneity of production lines. Moreover, their productivity measure is narrowly defined 
as the production-line uptime
10. As a consequence, factors explaining differences in firms’ 
line-productivity can be identified in an almost exhaustive fashion. 
In the same spirit, Greenan and Guellec  (1998) use data from a labor force survey and 
business surveys on French manufacturing industries, and they show that a synthetic indicator 
of the intensity of communication in the workplace has a positive effect on firms’ 
productivity. They also found that productivity was positively influenced by a term reflecting 
the existence of a connection between organizational and technological innovations. 
More recently, Bresnahan, Brynjolfsson and Hitt (2002) test the productivity-enhancing effect 
of two complementarity variables: a) an interaction term between IT capital (measured by the 
stock of computers) and human capital stocks and b) an interaction term between IT capital 
stock and a measure of decentralization in the workplace. They find that both have a positive 
impact on firm-level productivity in the US between 1987 and 1994. This provides evidence 
of complementarity between IT adoption, a decentralized workplace and skill-biased hiring 
behavior
11. Gretton, Gali and Parham (2004) provide similar results in a study of productivity 
growth in Australia. 
Finally, in a recent and innovative paper, Hollenstein (2004) tests the possibility of a reverse 
causality where organizational practices would be adopted because ICT have been previously 
adopted: he provides evidence that this reverse causality does exist in the ICT adoption 
behavior of Swiss firms but he also shows that the organizational structure is more sluggish to 
adapt than the ICT equipment.  
3.2. Adoption equations with LKD effects 
Empirical studies dealing with the determinants of IT adoption have recently tried to 
introduce proximity effects in their adoption equation. Studies focusing on the so-called 
“epidemic effect” show that the presence of IT adopters in the vicinity of a firm raises its own 
probability of adoption (e.g. Hollenstein, 2004). On this basis, geographical proximity can be 
seen as a factor fostering IT diffusion but it remains very difficult to take this result as a pure 
geographical proximity effect. Indeed, the number of IT adopters in the neighbourhood can 
also be a measure of the intensity of competition in the local proximity. This empirical 
confusion is reinforced most of the time by an industrial clustering which implies that nearby 
firms are often direct competitors. As a consequence, whether IT adoption is fostered by the 
locally generated information or by the presence of early-equipped competitors remains to be 
established. Recent studies have tried to capture more directly the influence exerted on IT 
diffusion by the firms’ location. Parhi (2006) introduces new determinants in the equation of 
AMTs
12 adoption to give a better explanation of the complex socio-economic core of the 
                                                 
9 Human Resource Management. 
10 Line uptime is the percent of scheduled operating time that the line actually runs. 
11 In a very similar spirit, Brynjolfsson, Hitt and Yang (2002) use data on large US firms over 1987-1997, 
matched with a cross-sectional survey of organizational practices conducted in 1995 and 1996. They conclude 
that the combination of ICT investment and new organizational practices has a positive impact on firms’ stock 
market valuation. 
12 Advanced Manufacturing Techniques (AMTs) Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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diffusion process. Quite interestingly, Parhi points out that the adoption behaviour is 
influenced by cooperation practices and external incentives. Inter-firm arrangements
13 (such 
as joint production, joint-training, etc.) and the exposure to external learning forums are 
facilitators of adoption
14. These results tend to confirm that the adoption behaviour is closely 
linked to the diversity and the quality of external sources of learning.  
In the same spirit, Battisti et alii (2004) give evidence that JOD practices require coordinated 
efforts from customers and suppliers and this may delay adoption. Imitation of organizational 
innovations is difficult because of the tacit and organizationally embedded nature of the 
involved know-how. They also introduce three variables to capture the influence exerted on 
diffusion by the plant’s socio-economic context
15: the impact of localization economies is 
significant for both CAD and JOD. By opposition, the sector variables are (weakly) 
significant only for CAD adoption and the impact concerns only firms operating in sectors 
that engage high R&D expenditures. Galliano and Roux (2003) propose an empirical model 
of IT adoption more focused on spatial and organizational determinants of adoption. They 
emphasize the positive impact of codified knowledge and formalized organizational 
practices
16 on IT adoption. This is true for both internal and external relations. Among the 
spatial determinants, the firm location in peri urban areas fosters adoption. It is interpreted as 
the sign of the existence of agglomeration effects.  
These empirical studies, which are conducted with large samples and panel data, have 
provided some elements of evidence. But none of them describe the full set of factors that can 
foster IT adoption. The adoption equations without localized knowledge diffusion point out 
the impact of diffusion factors (epidemic, rank, order effects) and the influence of strategic 
and organizational practices (complementarity effect). But too little is said about the nature of 
the knowledge diffusion process itself. In our empirical analysis we try to uncover the process 
of knowledge diffusion leading to IT adoption, introducing new determinants inspired by the 
concept of localized knowledge diffusion. In particular, we focus our tests on two 
controversial points: 1) firstly, we try to assess whether the traditional epidemic effect reveals 
knowledge “spillovers” or whether it rather comes from market-channelled localized learning; 
2) secondly, we test whether the influence of proximity in the process of localized knowledge 
diffusion is due to a generic geographical effect (geographical proximity) or to a more 
complex relational effect (epistemic or “organized” proximity). 
                                                 
13 This effect is captured by two cooperation variables resulting from a principal component analysis of five 
individual areas of inter-firm cooperation.  
14 Three variables are used to capture the effects of external factors on the adoption process: the role of the 
machinery suppliers as motivators of adoption, the fact that firms visit the local area (used as a proxy of the 
epidemic effect), the firms participation to various forums and the centrality of the firm in its network (used as a 
proxy of external learning opportunities).  
15 The geographical variable is given by the general economic development index of the province in which the 
plant operates. It is used as a proxy of localization externalities. The two sectoral variables are the Herfindahl 
concentration index and R&D intensity of the sector which the plant belongs to.  
16 The proxies used for the codified practices and knowledge are respectively: a) the existence of just-in-time 
practices and the existence of a quality certication procedure.  Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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4. Data and empirical model 
4.1. Data source 
The empirical analysis is based on firm data collected in 2002 using a specially designed 
questionnaire
17. We also constructed a matrix of the road-time distances between respondents, 
using the Via Michelin web site to compute the time necessary to go from each establishment 
to any other establishment among the respondents. The questionnaire was first tested during 
preliminary interviews with firms’ managers. It enabled us to clarify the questions, detect 
possible ambiguities and identify the response biases that could come from inappropriate 
question formulation. Questionnaires were sent to the principal establishment or to the head 
office
18 of each firm with more than 50 employees operating in the French county of Haute-
Savoie (458 firms/establishments). The unit of observation is the establishment
19: as a 
consequence, some establishments of less than 50 employees are included even though only 
firms with more than 50 employees are interviewed. The respondents were top managers of 
the establishment: because of their position in the hierarchy, they were able to describe the 
ICT equipment as well as the strategic and organizational orientations of the firm. They were 
also asked to provide information about the firm’s characteristics, the nature of their 
competitive environment and the motives that have stimulated recent ICT adoption. Most 
variables refer to the period before and including 2002.  
Finally, we obtained 136 questionnaires with fully reliable answers. The parent population of 
458 firms/establishments is stratified into 4 industries (Manufacturing, Trade, Services and 
Construction) and 4 establishment sizes (less than 50 employees, 50 to 99,100 to 199 and 
more than 199). Table A1 in the Appendix shows that the final dataset is representative of the 
establishments located in Haute-Savoie across the 4 industries and the 4 size classes. If we 
now compare the structure of our dataset with the population of French firms with more than 
50 employees
20 (Table A2 in the Appendix), we see that they are similar in terms of size but 
not in terms of industry. Manufacturing industry is over-represented in our sample compared 
to the distribution of French firms. This is not surprising: Haute-Savoie is historically known 
for its industrial specialization in mechanical engineering industries.  
Compared to the national level, the ICT rates of adoption at the regional level are quite close 
but always greater than the national rates except for EDI and tracking software
21 (see Table 
                                                 
17 Though this is probably the best database available for France, we do not exploit the well known French 
survey Changements Organisationnels et Informatisation (COI) that has been conducted for a sample of 4283 
firms with more than 50 employees in the manufacturing industry in 1997. But we can emphasize several points 
that render our survey valuable: Firstly, our questionnaire permitted us to enlarge the menu of ICT which is 
rather narrow in COI 1997 (a measure of the use of computers and electronic data interchange tools). Secondly, 
from our theoretical point of view, it was important to extend the list of organizational and strategic practices and 
to introduce explicitly potential diffusion and learning effects. Thirdly, all industries (Manufacturing, Trade, 
Services and Construction) are represented in our survey. 
18 The principal establishment is the one where the number of employees is the biggest. It sometimes happens 
that the head office is not located in the principal establishment: in this case, we selected the head office as the 
observation unit. 
19 This supposes that the ICT adoption decision is an establishment-level decision. As already underlined by 
Karshenas and Stoneman (1993), this is not an empirically unrealistic assumption.  
20 In order to compare the two firms’ size distributions, a new stratification has been elaborated consistent with 
the INSEE classification (less than 100 employees, 100 to 249, more than 249). 
21 The French EDI rate of adoption is lower in manufacturing industries (45,1%) than in commerce (71%) and 
services activities (65%). The tendency is similar for tracking software: manufacturing (30,6%), commerce Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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A3 in the Appendix). This higher level of diffusion in the region is due to the nature of the 
industrial structure. A large proportion of regional firms operate in high added value 
activities. They are internationalized and base their competitive advantage on innovation. The 
proximity with Switzerland, which is clearly ahead of other European countries in terms of 
ICT adoption (Hollenstein, 2004), has probably led to an acceleration in ICT diffusion. 
Unfortunately, the comparison with other countries cannot be done in the absence of 
indicators consistent with our ICT menu. For instance, the international comparison made by 
Canepa and Stoneman (2004) only concerns the diffusion of AMT between 1997 and 1998, 
and the 2002 OECD survey does not provide satisfactory indicators. A solution could be 
found when the 2006 COI survey becomes available. Major changes will be introduced in this 
new survey such as the revision of the ICT menu, the introduction of retailing and services 
industries and the integration of agreed key ICT indicators at the European level.  
4.2. The Empirical Model 
Let us define 
t
j Π as the net benefit for a firm t of adopting Information Technology j chosen 
among J available technologies.  
We note:  
) ( ) (





j y y π π − = Π    (1) 
where  ) (
, 1 t
j y π  is the net benefit from adopting the j IT and  ) (
, 0 t
j y π  is the net benefit when the 
j IT is not adopted. 
As benefit functions are unobservable, 
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According to the theoretical and empirical literature (see part 2), IT adoption depends on a 
large variety of observable factors and we must make an inventory of all the potential 
covariates: this will allow ceteris paribus analysis and limit the omitted variables bias. We 
will therefore test the impact of our proximity variables in a setting where we have controlled 
the effect of usual diffusion factors (rank and stock-order effects) and introduced the influence 
of organizational practices and strategic orientations.  
Hence, the probability of adopting the j
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0
' ' ' ' 1    (3) 
where : 
R X ,  SO X ,  S X  and  O X are the control variables :  
R X  defines rank effects  
SO X  represents stock-order effects 
S X  represents information about the firm's strategies 
                                                                                                                                                          
(33,7), services (46,5%). The over-representation of manufacturing firms in our sample gives rise to lower 
regional rates of adoption for these two ICI elements. Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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O X  is a vector of organizational practices present in the firm 
P X  captures proximity effects.  
ε  is the error term which is assumed to be normally distributed 
In fact, estimating equation (3) would not be fully appropriate. First, the supermodularity 
theory predicts that organizational practices form a system where the benefit of one practice is 
reinforced by the presence of other complementary practices. As a consequence, the 
combination of a single organizational practice with the j
th information technology equipment 
might not be beneficial, while combining j with this organizational practice and another one 
may be beneficial. Athey and Stern (1998) have argued that ignoring these crossed-effects 
might generate important biases in the estimations. To deal with this potential problem, we 
include the organizational practices in equation (2) in a vector of cross effects denoted V. We 
choose to test the simplest form of multiple complementarities by interacting organizational 
practices in pairs
22. 











j X V X X X y P ε β δ β β β α + + + + + + = =
' ' ' ' ' 1  (4) 
There might also exist cross effects between firms’ strategies. For example a “scope rather 
than scale economies” strategy will probably be more beneficial if it is associated with 
targeted rather than mass marketing, or with any practice aimed at implementing a strategy of 
proximity with customers. However, because of the limited number of observations, we 
decided not to test for these effects by introducing cross strategic variables in the regressions. 
Instead, we identified coherent combinations of strategic practices (i.e. statistically significant 
clusters of strategic practices, see section 4.4) and introduced them in the regressions (vector 
S X ).  
Nevertheless, equation (4) suffers from another restriction: it requires that IT adoptions are 
independent. This hypothesis appears to be too strong given what we know from the 
theoretical investigations of complementarity: indeed this complementarity first concerns the 
IT themselves. Table 1 below shows that our respondent firms adopt combinations of IT 
equipment rather than single ones. This must be taken into account in the estimation 
procedure. Instead of separate estimations for each type of IT adoption, we decide to estimate 


























      ( 5 )  
where W denotes the vector of covariates, and  j ε  and  k ε  are the errors terms which follow a 
bivariate normal distribution with zero means, unit variances and ρ  as correlation coefficient.  
The system could be extended if more than two IT adoptions were observed. This is the case 
in our sample since firms can adopt EDI tools, customer-dedicated web-sites (INTC), or ERP 
software (ERP). We might prefer a trivariate equation model instead of a bivariate one. But 
table 1 shows that, if all the combinations of these three IT are present in our sample, the 
                                                 
22 This choice is largely imposed by the small size of our sample, which does not allow us to test more flexible 
cross effects. In fact, it would be better to introduce the organisational practices independently plus all the 
possible combinations of practices. But this would introduce too many independent variables and the 
maximization of the likelihood would not be feasible with our (relatively) small number of observations. Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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number of observations in some types of IT combinations is small, because of the small size 
of our sample. As a consequence, adopting the recommended trivariate analysis gives rise to 
convergence problems in the econometric analysis. We decide therefore to use a bivariate 
analysis. This procedure is more flexible than the two previous ones (equation (4)). It takes 
into account the large heterogeneity in covariates and the potential complex 
complementarities between IT adoption and organizational practices. But, it also allows to test 
whether types of IT adoption are correlated in pairs. This could be done with a simple t test on 
the  ρ  coefficient: if ρ  is statically different from zero, IT adoptions are not independent and 
could not be estimated separately.  
Estimating equation (5) required maximum likelihood techniques. The log-likelihood function 
is given in Appendix A4. Before presenting the econometric results, we first describe the 
dependent variables y
t and the covariates W
t used in the regressions (See the table in 
Appendix A5 for the presentation of the variables used). 
4.3. Measures: Dependent Variables 
Our survey data describe several new IT used by the firms. The respondents were asked if the 
firm had installed access to the Internet; an Intranet network; an Extranet network; a local area 
network (LAN); an EDI system; an ERP software; some tracking software; and a web site 
dedicated to the relationship with customers. Some of these technologies exist in nearly all the 
firms (Internet access, LAN and Intranet or Extranet). Others are rare in our sample (tracking 
software). As a consequence we could not estimate correctly their adoption probability. That 
is why we decided to focus attention on the adoption probabilities of EDI systems, ERP 
software and web sites dedicated to the relationship with customers or suppliers. The 
variables are respectively denoted EDI, ERP and INTC. Their value is 0 if the technology is 
not present and 1 if it is installed in the firm. The following table clearly shows that, for these 
IT, multiple adoption is a frequent phenomenon.  
Table 1: Descriptive statistics for multiple IT adoption 
  ERP = 0  ERP = 1 
  INTC = 0  INTC = 1  INTC = 0  INTC = 1 
EDI  =  0  13 15 12 27 
EDI = 1  7  17  11  27 
NB : Each cell gives the number of firms in the case: for example there are 13 firms that did not adopt ERP, nor INTC, 
nor EDI. 
This table shows that only 47 respondent firms out of the 129 studied are non adopters or 
adopters of a single IT. The others have adopted at least two of the three IT we study. This 
strongly supports the multivariate approach we use to test our IT adoption equations. 
4.4. Measures: Independent Variables 
Rank effect variables. Two usual variables describing the “rank effect” are introduced. INDEP 
has a value 1 if the firm is independent and 0 otherwise. EFFS measures firm size by the 
number of employees (Appendix A5).  
Variable describing the stock-order effect. As already noted in section 3, it is difficult to 
measure and to distinguish stock from order effects. To do so, it would be necessary to have 
information on the timing of IT adoption. Since we did not, we created a variable that cannot 
disentangle the two effects: for each IT (EDI, ERP and INTC) and each firm in the sample of 
136 respondents, we calculated the percentage of firms that have adopted the same IT among Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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the total number of firms in the sample that operate in the same industry. This percentage is 
respectively labelled MSEDI, MSERP and MSINTC.  
Organizational tools. Our questionnaire asks the respondent managers whether their firm had 
set up an organizational tool seeking to: a) make contractual arrangements with customers or 
suppliers; b) generate positive incentives among employees; c) introduce decentralized 
decision-making processes. This enabled us to create three measures of the organizational 
practices present in the firms: CCCF, INCITA and DECENTR (see Appendix A5). We 
introduced these variables in the form of some cross-organizational variables in pairs. We 
tested all the possible pairs between the preceding three measures of organizational practices. 
As an example, the variable DECENTR×INCITA takes the value 1 if the firm has at least one 
decentralization tool and one incentive-improvement tool. 
Strategies. Building a correct measure of firms’ strategic practices is a difficult issue when 
these are obtained through a questionnaire. We choose to ask two series of questions. First, 
we asked: “When the firm adopted its latest IT, what were its motives
23?” We also asked 
questions related to IT uses in the firm: whether the firm implements some formal partnership 
to achieve a good level of command over the new IT adopted and whether IT uses by the 
employees are controlled by the managers. Since there were a great number of items in these 
questions, we could not directly test the cross effects by introducing all the possible 
combinations in the regressions. Instead of this, we undertook two principal component 
analyses of the items
24. In addition, we performed a non-hierarchical cluster analysis based on 
the factor scores of these two principal component analyses. This permitted to classify the 136 
firms in clusters constructed using firms’ coordinates in the space of the five selected factors. 
In order to determine the optimal number of clusters, we used three usual criteria: (1) the 
minimization of the ratio (within-cluster variance)/(between-clusters variance) (Fisher’s test); 
(2) the number of firms per cluster, and (3) the economic significance of the clusters 
identified. We were then able to classify our 136 firms into three categories: The first cluster 
contains firms with no strategic motive and no strategic priorities for the future. They do not 
share any technological equipment with internal or external partners. They do not resort to 
any integrator for the installation or the use of their technological equipment. They do not 
control Internet utilization by their employees. This cluster consists of 40% of the firms, 
which are in a sort of state of strategic inertia. The second cluster represents a further 40% of 
the firms. Their main objective when adopting IT is to improve their learning and 
coordination procedures. This is shown by the principal motives they declared: improvement 
of the firm’s image, market share, communication, coordination, normalization, knowledge, 
motivation, and management. They do not check their employees’ use of Internet. The final 
                                                 
23 The proposed motives are: Market share increase, Inventories reduction, Production time reduction, Cost 
reduction, Improvement of the firm’s image, Better internal communication, Better employees’ productivity, 
Better coordination with external partners, Adoption of the norms of the profession, Acquisition of knowledge, 
Better motivation of work teams, Introduction of new principles of management. 
24 A first factor analysis was conducted on the indicators of the motives of the latest IT adoption. The first two 
factors extracted capture 65.8% of the total variance: (1) The first differentiates firms whose priority is 
rationalization and verification (56.1% of the total variance); (2) The second differentiates firms whose main 
objective is learning and coordination (9.7% of the total variance). A second factor analysis was conducted on 
the items concerning the utilization of IT in the firms. The three factors extracted capture 54.8% of the total 
variance. They outline three main aspects: the sharing of technologies with other sites or firms, the resort to 
external providers when adopting IT and the willingness to check the way employees use these technologies. The 
first factor (25.7% of the total variance) contrasts firms that control their employees’ usage of Internet and e-mail 
with the other firms. The second factor (17% of the total variance) groups EDI and ERP-sharing firms with those 
that resort to external providers for EDI and ERP. The third axis (12.1% of the total variance) distinguishes firms 
that share tracking software and that resort to external providers for these applications. Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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cluster (20% of the firms) is comprised of firms that declare that their main objective is to 
reduce costs, production delays and inventories. As might be expected, they check the use of 
Internet by their employees since it is a mean of cost reduction. We then created three dummy 
variables COMP0, COMP1, COMP2 to describe firms’ membership to these clusters. 
Proximity variables. The usual measure of localized knowledge diffusion effects in adoption 
equations is the “epidemic” variable (see section 3). It measures the rate of adoption in a 
given vicinity of the firm and its impact is generally positive on technologies’ adoption 
probabilities. Nevertheless, the study of this effect often suffers from a too broad definition of 
the ‘vicinity’ where quite remote firms are considered as neighbors. Moreover, the equipment 
rate is a rather imperfect proxy of the epidemic effect since it does not capture the (negative) 
influence of nearby firms that are not equipped. Since we have built a time-distance matrix for 
our respondent firms, we could count precisely how many firms had adopted (or not adopted) 
a given IT in a given zone around a given firm. In order to have a reasonable definition of the 
geographical proximity, we decided to define the proximity zone as a circle of 15 minute 
road-transport time around the considered firm
25. The technological proximity variable 
PROXITECHj,t is then defined as follow: we count the number of firms located at less than 15 
minutes around the firm t and having made the same choice concerning the IT j
26. We then 
divide this figure by the number of firms located in the circle of 15 minutes around the 
observed firm. PROXITECH captures localized knowledge diffusion effects but does not tell 
us what the channels of this diffusion are.  
We would like to test whether an active and costly learning policy must be implemented to 
gather this localized knowledge or whether the latter is broadcasted freely around the firm t. It 
is rather difficult to describe in an exhaustive fashion the multiple means a firm can use to 
buy knowledge. Nevertheless, economic theories of innovation constantly point out that 
mergers and acquisitions are one of the best ways to acquire (at least) part of the knowledge 
embedded in target firms. These theories also argue that an active R&D policy is greatly 
increasing firms’ learning capacities. Our survey allowed us to capture these two 
determinants. Indeed we asked whether the firm had acquired another firm in the past five 
years; and we also proposed the respondent to choose, in a given menu, the three primary 
strategies of his firm. Developing R&D was one of the strategies proposed in this menu. We 
could then construct the dummy variable KBUYt equal to 1 if the firm t has acquired another 
one in the past five years or (inclusive) if it has placed R&D has one of its most important 
strategic priorities. Afterwards, we built the cross variables KBUYt×PROXYTECHj,t and 
(1−KBUYt)×PROXITECHj,t to check whether localized learning effects are stronger for firms 
who bought knowledge, thanks to a consequent R&D budget or thanks to their take-over 
policy. 
A last thing we would like to assess is whether the local diffusion of knowledge requires the 
sharing of common representations in line with the “epistemic proximity” argument which 
has been stated in section 2. To this end, we created a last proximity variable dedicated to the 
measure of epistemic proximity, making the following hypothesis: shared representations 
happen between firms having similar problems in the production and distribution of their 
products. As a consequence epistemic proximity characterizes mainly firms belonging to the 
same production sectors. Consequently we built our epistemic proximity variable 
PROXITECHSECTj,t in the following way: for each firm t and each IT j, we counted the 
                                                 
25 Of course we checked that our econometric results were not sensitive to a threshold effect due to the choice of 
the limits of the proximity zone. 
26 The number of firms having adopted the technology if the firm has itself adopted the technology; the number 
of firms not having adopted the technology if the firm has not adopted the technology itself. Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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number of firms located at less than 15 minutes and equipped with the IT j and belonging to 
the same sector
27 as firm j. We then divided this figure by the number of firms located at less 
than 15 minutes around firm j. 
5. The results 
We have estimated the choice system defined in equation (5), using a bivariate probit model. 
As three particular IT are observed, we estimate three choice systems (EDI/ERP, EDI/INTC, 
ERP/INTC). We test three specifications of our adoption equations: specification (1) includes 
the technological proximity effect. Specification (2) includes the same effect but crossed with 
the dummy of knowledge buying. Specification (3) is with the techno-sectoral proximity 
effect. The results of the different specifications are presented in Tables 2, 3 and 4 below.  
Let us first examine the robustness of the three models. Using White (1982)'s procedure, we 
deal with potential heteroscedasticity problems. We then calculate, for each model, the 
percentage of correct predictions: more than 70% of the predictions are correct in all the 
choice systems and all the specifications. This suggests that the model has a good explanatory 
power.  
We now focus on the results. First, let us comment the statistical link between the choice 
functions of each IT. The correlation coefficient Rho is significantly different from zero only 
for the adoption of EDI and ERP. This suggests that these Information Technologies are 
interdependent. This is not surprising since we are dealing here with a networking technology 
(EDI) and a software tool (ERP) which necessitates data interchange to be fully efficient. EDI 
can be installed by firms to support the sharing of data and applications (such as ERP) among 
users in different organizations (Iacovou and al. 1995). The dependence between EDI and 
ERP confirms this aspect.  
Concerning rank effects, a high level of independence (INDEP) significantly decreases the IT 
adoption. Indeed, independent firms suffer from larger search and learning costs than 
dependent units. The latter can benefit from previous information acquisition and financial or 
logistical support from the parent company. Independent firms face greater risk and this 
hinders IT adoption. This effect is consistent with Hannan and Mc Dowell (1984) results. 
Similarly, we find a positive impact of firms’ size, but only on the adoption of dedicated web 
sites and only in specification (1). 
Secondly, the stock-order effect is significant in some specifications, but when this is the 
case, the sign is positive. This is in line with Stoneman and Karshenas' work which never 
obtained the expected negative sign for stock variables. We can argue (see section 2) that this 
might indicate a second mover behaviour of the firms we study.  
Our econometric results also show a significant effect of two crossed organizational practices, 
DECENTR×INCITA and DECENTR×CCCF on the adoption of dedicated-web sites (INTC). 
Nevertheless, only the latter has a positive impact on INTC adoption probability. Moreover, 
as it has already been underlined, a t-test on the ρ parameters leads us to conclude that the 
ERP choice is correlated with the EDI adoption. There is also a positive impact of the two 
strategic orientations (COMP1 and COMP2) on the adoption of EDI. Let us remind ourselves 
that firms are either in the COMP0, COMP1 or COMP2 category. The reference variable 
COMP0 is equal to 1 when firms have no marked strategy. Otherwise they have either a 
strategy oriented towards learning (COMP1) or cost minimization (COMP2). Both exert a 
                                                 
27 To characterize the production sector, we used the INSEE ‘APE’ codes: firms are thus identified by the 
principal good or service they produce. Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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positive impact on EDI adoption which suggests that they are both complementary with that 
technology. All these results do not refute the complementarity hypothesis. Nevertheless, they 
suggest that IT adoption in relation with the search for complementary practices is a complex 
phenomenon: not all the “modern” practices and the “flexible” information technologies seem 
to be complementary.  
We decided to replace epidemic effects by various measures of proximity effects. 
The first one is similar to the usual epidemic effects but is based on the definition of a time-
distance zone of 15 minutes around the firm (Table 2, specification (1)). This variable 
PROXITECH has a significant positive impact on ERP and INTC adoption, indicating that 
firms tend to make choices similar to their neighbors concerning these two IT. This suggests 
knowledge diffusion in this 15 minute vicinity area but we do not know anything about the 
channels by which this local knowledge is diffused. We want to test two hypotheses about 
this.  
Firstly, we try to assess whether R&D budgets and take-over strategies make some 
differences in the capacity of firms to gather the local knowledge. That is why we implement 
specification (2) where a Chi2 test allows us to test whether the coefficients of 
KBUYt×PROXYTECHj,t and (1−KBUYt)×PROXITECHj,t are significantly different. We see 
that the coefficient of KBUYt×PROXYTECHj,t is significantly higher for the adoption of ERP 
and dedicated web-sites (INTC). This suggests that, for these technologies, firms having an 
active policy of acquisitions or of R&D development tend to benefit more strongly from the 
local diffusion of knowledge. We interpret this as the indication that the benefits from local 
knowledge are not pure externalities since firms benefit from stronger diffusion effects when 
they buy knowledge via R&D budgets or take-overs. 
Secondly, we introduce an indicator of epistemic proximity in specification (3). We consider 
that local proximity is not necessarily sufficient to create true knowledge exchanges between 
adjacent firms. Common problems and common representations might reinforce the flows of 
knowledge circulating between firms which share the same location and the same 
characteristics. We have argued that sectoral proximity might be a reasonable proxy for this 
epistemic commonality. That is why we replaced the technological proximity effect 
(PROXITECH) of specification  (1) by a techno-sectoral proximity measure 
(PROXITECHSECT) in specification  (3). We see that the impact of this new variable is 
stronger for ERP equations
28, suggesting that epistemic proximity matters for this technology. 
On the contrary, it is not influential for the adoption of dedicated web-sites. As a consequence 
we can conclude that, in our sample, epistemic proximity is influential as an instrument to 
reinforce local diffusion of knowledge about one technology: ERP software. Face-to-face 
relationships remain indispensable for certain type of interactions, especially when problem-
solving processes are related to dedicated applications such as ERP. Geographical proximity 
is used in complementarity with epistemic proximity (Rallet, Torre, 2005) during the phase of 
co-production of tacit and contextual knowledge.  
                                                 
28 It is also stronger for EDI equation but it remains unsignificant. Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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Table 2:  
SPECIFICATION (1) IT adoption equation with a technological proximity effect, 
Seemingly unrelated bivariate probit 














































































































































Observations  123 123 123 123 123 123 
Log pseudo-
likelihood  -128.88 -105.49 -113.90 
Rho  -0.40 (0.17)**  -0.20 (0.24)  0.19 (0.21) 
% of correct 
predictions  79% 80% 83% 
Robust standard errors in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
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TABLE 3: SPECIFICATION (2) IT adoption equation with  
a cross effect “technological proximity when buying knowledge”, Seemingly 
unrelated bivariate probit 























































































































































Observations  123 123 123 123  123  123 
Chi2  test  2.55 2.82* 1.75  4.44**  4.85** 3.17* 
Log pseudo-
likelihood  -124.74 -104.73  -113.03 




76% 83%  83% 
Robust standard errors in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
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Table 4: SPECIFICATION (3)  
IT adoption equation with a techno-sectoral proximity effect,  
Seemingly unrelated bivariate probit 















































































































































Observations  123 123 123 123 123  123 
Log pseudo-
likelihood  -132.11 -119.68  -132.47 




74% 77%  75% 
Robust standard errors in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
 
6. Conclusion  
We built an empirical model to explain the adoption of information technologies. In our IT 
adoption equation, we have introduced three series of determinants. The first series is related 
to rank and stock-order effects coming from the traditional literature on technology diffusion. 
The second set of determinants concern the supermodularity effect suggested by Milgrom and 
Roberts (1990). The last series of explanatory variables is given by the literature dealing with 
the geography of innovation to capture the specific influence of proximity effects on IT 
adoption. Contrary to most previous studies, we have replaced the generic epidemic effect by 
three variables to distinguish knowledge spillovers (i.e pure externalities) from other channels 
of knowledge diffusion.  
This approach was possible thanks to the econometric exploitation of a specially designed 
questionnaire. Our data have a rather small number of observations (136 firms) and they are 
only cross-sectional but we argue that most of the endogeneity bias is removed by the use of 
an extensive set of control variables and by the bivariate probit model. Besides, our survey 
data allow us to deal with true IT (ERP, EDI, and customer-dedicated web-sites) while most Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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previous studies have only dealt with the computer stock or with automation tools. Finally, 
these cross-sectional data also provide a good set of measures to study the complementarity 
between organizational, strategic and technological practices, while most research fails to 
incorporate these three dimensions altogether. 
The econometric results confirm the significance of the usual rank and stock-order effects. 
Concerning these two determinants, our work is in line with the empirical literature related to 
technology diffusion. The results concerning the complementarity hypothesis appear to be 
rather interesting. They suggest that supermodularity does not mean “more of everything”, 
more information technologies with more “modern” organizational and strategic practices of 
all kinds. For a specific IT, only certain specific organizational tools and certain strategic 
choices are complementary.  
A specific feature of our approach is a careful analysis of the proximity effects on IT 
adoption. Firstly, we emphasize the positive influence of firms’ policy of acquisition and 
R&D development on local knowledge diffusion. Secondly, we pinpoint that geographical 
proximity is used in complementarity with epistemic proximity when problem solving 
processes concern dedicated technologies such as ERP. Our results show that what appear as 
involuntary knowledge spillovers in the standard literature are well-regulated knowledge 
flows between firms, which are managed with deliberate appropriation purposes (Breschi, 
Lissoni, 2001).  
The implication of these results might be that the theories of firms’ organizational and 
technological design still fail to explain the complexity of firms’ choices of practices and 
technologies. In particular, it would be interesting to have at one’s disposal a model 
explaining not only IT adoption in general but the choice of a specific type of IT rather than 
another in relation to a specific organizational design.  
Concerning the geography of innovation and technology diffusion, our results suggest that 
localized knowledge diffusion is not simply the result of firms’ geographical agglomeration. 
Firms must implement active learning policies if they want to acquire the local knowledge. 
Indeed, we find that a strategy oriented towards R&D development leads to a better 
exploitation of the local knowledge. Similarly, we also find that firms benefit from greater 
diffusion of local knowledge when they have an active take-over policy. 
The other econometric result about proximity effects and diffusion of information 
technologies is that the local knowledge about ERP software spreads more easily when 
geographical proximity is reinforced by sector-based proximity. It is not surprising since an 
ERP cannot be implemented in a firm producing cars as it would be in a firm producing foods 
and beverages. For such a specific tool, flows of knowledge between adjacent firms circulate 
more easily when these firms share common problems, which is more frequent when they 
produce the same kinds of goods and services. Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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Appendices 
Table A1 – Structure of the parent population and the final dataset 
Parent population  Respondents 
 
Column (1), N  Column (2), %  Column (3), N  Column (4), % 
Column (5) : Column 
(3)/ Column (1) 
Industry 
Manufacturing 215 46.9  71 52.2  33 
Commerce 108  23.6  27  19.9  25 
Services 104  22.7  31  22.8  29.8 
Construction 31  6.8  7  5.1  22.6 
Total 458  100  136  100  29.7 
Chi2=2,17,ddl=3, α level =0,54 
Firm size (number of employees) 
Less than 50  79  17.2  25  18.4  31.6 
50 to 99  213  46.5  51  37.5  23.9 
100 to 199  98  21.4  36  26.5  36.7 
More than 199  68  14,8  24  17.6  35.3 
Total 458  100  136  100  29.7 
Chi2=4,80,ddl=3, α level = 0,19 
Column (5) shows the response rate by industry and size class. 
Table A2 – Comparison of the French firms with over 50 employees to our data set 
French firms  Respondents   
Column (1), N  Column (2), %  Column (3), N  Column (4), % 
Industry 
Manufacturing 11140 36  71  52.2 
Commerce 6760  21.8  27  19.9 
Services 10640  34.3  31  22.8 
Construction 2440  7.9 7 5.1 
Total  30980  100 136 100 
Chi2=16,71,ddl=3, α level =0,01 
Firm size (number of employees) 
Less than 100  16260  52.5  76  55.9 
100 to 249  9490  30.6  46  33.8 
More than 249  5230  16.9  14  10,3 
Total  30980  100 136 100 
Chi2=0,62,ddl=1,α level =0,19 
Sources: Insee, Tef 2004 Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
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Table A3 – ICT adoption rates in 2002 (% of firms having adopted the ICT element) 
ICT  Level of diffusion in 2002 (%) 
  Region of Haute-Savoie
29 France  (1) 
Lan/Wan 85,3  75,3 
Intranet 57,4  41,2 
Extranet 26,5  15 
Internet 89  89;5 
EDI 47,1  59 
Customers/suppliers dedicated web sites  66,9  66,8 
Tracking software  27,2  34,7 
(1)Data collected by the SESSI, the INSEE and the SCEES on a sample of 5000 French firms with more than 20 employees in 
manufacturing, commerce and services industries. It contains detailed information about the French firms’ ICT equipment (including e-
commerce) in 2002 (www.sessi.fr). 










j W W L
1















2 , , , ,
ββ



































j e W W  
 
                                                 
29 Data from our survey Information Technologies (IT) Adoption and Localized Knowledge Diffusion… 
  - 28 -
Appendix A5: Variables description 
Variables  Definitions 
Information technologies (Dependent variables) 
INTC  = 1 if a customer-dedicated web-site has been adopted (= 0 otherwise) 
EDI  = 1 if EDI technologies have been adopted (= 0 otherwise) 
ERP  = 1 if an ERP software has been adopted (= 0 otherwise) 
Rank variables 
INDEP  = 1 if the firm is highly independent (= 0 otherwise) 
EFFS  = 1 if the firm has more than 100 employees (= 0 otherwise) 
Stock-order variables  
MSEDI  EDI equipment rate in the manufacturing sector of the considered firm 
MSINTC  Equipment rate in customer-dedicated web-sites in the manufacturing sector of the firm 
MSERP  ERP equipment rate in the manufacturing sector of the observed firm 
Organizational practices (ref : having an evaluation process for IT rentability) 
CCCF2  = 1 if the firm has at least one contracting practice with suppliers or customers (= 0 otherwise) 
INCITA  = 1 if the firm has at least one organizational practice centred on incentive processes (= 0 otherwise)
DECENTR  = 1 if the firm has at least one organizational practice centred on decentralized decision-making (= 0 
otherwise) 
Nature of the strategic behavior (ref :motivation clearly oriented towards costs control or towards knowledge and 
communication improvement) 
COMP1  = 1 if IT adoption is motivated by a strategy oriented towards improvement of learning and 
coordination procedures (= 0 otherwise) 
COMP2  = 1 if IT adoption is motivated by a strategy oriented towards reducing costs, production delays and 
inventories (= 0 otherwise) 
Proximity variables. 
PROXITECH  = Percentage of firms having made the same equipment choice for the IT specified in the dependent 
variable (EDI or ERP or INTC) in an area of 15 minutes transport-time around the observed firm 
PROXITECHSECT  = Percentage of firms having made the same equipment choice for the IT specified in the dependent 
variable (EDI or ERP or INTC) and belonging to the same production sector, in an area of 15 
minutes transport-time around the observed firm 
KBUY  = 1 if the firm has recently acquired another firm or (inclusive) if its managers declare R&D 
development to be a strategic priority. 
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